Coarse-scale studies that focus on species distributions and richness neglect heterogeneity that may be present at finer scales. Studies of arthropod assemblage structure at fine (1 × 1 km) scales are rare, but important, because these are the spatial levels at which real world applications are viable. Here we investigate fine-scale variation in spider assemblages, comparing five representative vegetation types in the western Soutpansberg, Limpopo Province, South Africa. We assess these vegetation types in terms of their family and species composition, as well as levels of endemicity, relating these differences with vegetation structure. We inventoried 297 species (49 families) in an area less than 450 ha, as part of South African National Survey of Arachnida. Analysis of the results suggests that endemic taxa are associated with Tall Forest and, to a lesser extent, Woodland. The Woodland had the highest species diversity, and much of the variation observed in spider assemblage structure is explained by these two vegetation types. Based on vegetation structure variables that explained significant variation in spider assemblages, human influence through bush encroachment will result in a change of spider assemblages to that of Short Forest and Mosaic Woodland vegetation types, with implications for biodiversity maintenance and heterogeneity. Key words: endemicity, South Africa, spider, SANSA, conservation, Soutpansberg.
INTRODUCTION
If a country's conservation goal is to retain as much of the region's biodiversity as possible, then the delineation of spatial heterogeneity in communities or assemblages at the local scale is an important step towards achieving this. That is, information on the extent to which local biotas vary between and within habitat types is necessary for a better understanding of the underlying processes explaining local community patterns (Ricklefs 1987; Cornell 1993) . Priority conservation areas identified at broad global or regional scales are often heterogeneous and cannot be translated into effective local conservation strategies without reference to local landscape and species distribution patterns. This is because local heterogeneity can be present across scales and may significantly complicate the development of effective regional conservation strategies (Flather et al. 1997; Rodrigues et al. 1999) . The identification of fine-scale spatial heterogeneity in local biotas is therefore important because: (i) such information will enhance areaselection techniques (which are currently mostly conducted at coarse regional scales) to select units defined at the scale of land management units (Wiens 1989; Flather et al. 1997; Rodrigues et al. 1999) , and (ii) long-term conservation of the biota that constitutes these heterogeneous communities will be achieved (Rodrigues et al. 1999) .
The Soutpansberg is a major centre of plant endemism and biodiversity, and has the highest plant generic and family level diversity among the 18 recognized Centres of Plant Endemism (CPEs) for southern Africa (Van Wyk & Smith 2001) .
(ii) 60% of South Africa's mammal species, which represents more mammal species per unit area than seven of the eight most diverse biodiversity hotspots of the world (Berger et al. 2003) ; and (iii) 75% of South Africa's avifauna (Berger et al. 2003) . Although the area was not rated as an urgent priority for conservation by Reyers (2003) , the very high levels of biological diversity of the Soutpansberg gives it a high long-term priority for conservation (Van Wyk & Smith 2001) . It is also the site of a proposed Biosphere Reserve (UNESCO 2005) and a process has been initiated for the proposed Soutpansberg to Limpopo Biosphere Reserve (Hahn 2002) . This process includes the identification of conservation hotspots that would form the basis for the selection of core conservation areas.
Spiders are a ubiquitous component of invertebrate assemblages and important generalist predators in ecosystems (Wise 2005) with the potential to complement existing large-scale area selection activities based on vertebrates (Jocqué & Dippenaar-Schoeman 2006) . They are known to be sensitive towards fine-scale changes in environmental factors, are relatively easy to identify based on external genitalia and have the potential to act as indicators of habitat quality and conservation value (Jocqué 1981) . Spiders are a 'hyperdiverse' taxon, and because of a general awareness of spiders within the public realm, have the potential to act as a focal taxon for conservation assessments (New 1999) . Recent developments in South Africa have added weight to this suggestion with the inclusion of spiders in conservation assessments and red listing of species (Dippenaar-Schoeman & Haddad 2006) . The South African National Survey of Arachnida (SANSA) and its recent collaboration with the South African National Biodiversity Institute will provide the critical information needed for this process (Dippenaar-Schoeman & Craemer 2000) .
Contemporary research has shown that, at least for certain invertebrate groups such as spiders, the eastern parts of South Africa have comparable levels of endemism, at both the generic and specific levels, to that of the Cape Floral Kingdom and Succulent Karoo (Huber 2003) . Although levels of endemicity seem to be high, very little is known about the levels of invertebrate diversity in the Soutpansberg, and the region in general, has been poorly surveyed with only 13 survey sites (and an average of 13 records per site). Determining conservation priorities for spiders, namely core areas and buffer zones as set out in biosphere reserve planning, is therefore not viable because of a paucity of data.
Here we attempt to use information on spiders to estimate the relative conservation importance of the dominant vegetation types in the western Soutpansberg. This area is climatically and topographically the most varied part of the Soutpansberg, and recent ad hoc collections recorded 47 spider families (74% of the known families from South Africa) in an area less than 450 ha. We initiated a quantitative small-scale survey in this same area, which afforded the following opportunities: (i) contributing to SANSA's database by inventorying spiders and measuring species richness, abundance and endemicity in major vegetation types of the Soutpansberg, (ii) determining whether spider assemblage structure differed between the major vegetation types at a fine scale and how restricted taxa are to these habitats, and (iii) establishing which, and to what extent, vegetation structure variables are related to these differences.
METHODS

Study area
Fieldwork was conducted in the western parts of the Soutpansberg mountain range situated near the northern border of South Africa with Zimbabwe. The mountain forms a geographic unit with the Makgabeng Plateau, Blouberg Mountain to the west and the Waterberg to the south.
Transects were set out on the farm Lajuma (23°1.49'S, 29°25.74'E) that has a surface area of 430 ha. The highest point of the mountain range, Letjume (1747 m a.s.l), is on Lajuma and is c. 800 m above the surrounding plains (Gaigher 2006). Average annual rainfall at Lajuma is 730 mm, varying considerably from year to year (Gaigher 2006) . Commercial farming in the western Soutpansberg has resulted in vegetation that mainly consists of thickets and scrublands, vegetation with patches of grass and fragmentary groundwater forests below cliffs. Higher altitudes are characterized by areas with an interesting mosaic vegetation type consisting of short grassland and 'islands' of closed woody cover.
Sampling and analytical procedures
Five representative vegetation types, based on broad-scale structural classification (Edwards 1983) of the western Soutpansberg were identified, namely Tall Forest (TF) or Evergreen Northern Mistbelt Forest (Mucina et al. 2005 
Spiders
Within each transect (3 × 50 m), five sampling techniques were used to collect spiders from different strata, subject to the availability of substrate. First, beating was done by randomly selecting four trees, all different species, within each transect. These were beaten 20 times each by firmly striking the tree branches with a (>1.5 kg) mallet. A white beating sheet was held below branches during beating, from which all spiders were collected and preserved in 70% alcohol. All trees beaten were identified to species level. Second, a sweep net, 0.6 m in diameter and with a 1.2 m long handle was swept through the grass and herb layer. Each sweep covered an arc of approximately 1.5 m through the vegetation on every alternate step (Southwood & Henderson 2000) . Two samples, comprising 20 sweeps each, were done at each site. Samples were emptied into a plastic container, preserved using 70% alcohol and sorted at a later stage, separating insects and spiders. Third, active searching, comprising three 1 × 1 m quadrats, each searched for 15 minutes, was done at each site. The ground, shrubs, rocks, logs, bark and stones were thoroughly searched for spiders. Specimens were collected using either the handto-jar technique, or a mouth suction sampler. Fourth, a transect of five unbaited pitfall traps, 10 m apart and flush with the surface of the ground, were inserted at each transect. Traps had a diameter of 9.5 cm and contained a 50 ml solution of three parts 70% ethyl alcohol and one part glycerol. The samples were emptied on a weekly basis and remained active for 14 days. Finally, leaf litter, in three (1 × 1 m) randomly selected quadrates within each transect, was sifted through a 5 mm mesh sieve, onto a white sheet. Specimens were collected with a mouth suction sampler and preserved in 70% alcohol.
The Soutpansberg region has two clearly differentiated seasons: the cool dry season from May to August and the warm, wet season from October to March (Gaigher 2006 For analysis, the numbers of individuals of each species collected via the different sampling techniques over the course of the study period were summed for each sampling site. All samples, except pitfall trapping, were collected between 09:00 and 15:00 in cloud cover less than 50%, so as to standardize weather conditions under which sampling was conducted and reduce confounding effects. Spiders (adults and juveniles) were sorted to family level by the first two authors. Species level identifications were done by the third author, except for the family Corinnidae, which was done by C.R. Haddad (Department of Entomology and Zoology, University of the Free State, South Africa). Voucher specimens are housed in the National Collection of Arachnida at the Agricultural Research Council, Plant Protection Research Institute in Pretoria.
Vegetation structure
To determine the extent to which small-scale vegetation structure might affect spider assemblage composition and structure each transect was divided into 16 blocks of 9 m², and one block of 6 m² (the block in the middle), and measurements of the percentage of grass, herb, shrub, tree and rock cover were made in each block. Plant species identity and foliage height were also recorded. All woody plants over 1.5 m tall were recorded as trees, and those smaller than 1.5 m as shrubs. Lowest foliage height of trees was determined. Tree and shrub diameters were measured 1.3 m and 20 cm above ground, respectively. All branches separated from their main stem at the diameter measuring point, were referred to as stems. These measurements were all taken at the start of the study. The vegetation structure variables for a transect were calculated as the average for all the blocks within that transect.
Data analysis
In this study, sampling points were assumed to be independent from each other. However, the presence of spatial autocorrelation within ecological data may invalidate the assumption of independence (Legendre 1993) . Spatial autocorrelation is the lack of independence between pairs of observations at given distances in space and is commonly found in ecological data, and can inflate Type 1 errors in statistical analysis (Diniz-Filho et al. 2003) . Although these tests are also used to assess the spatial structuring of communities, the objective of the analysis for this study was to assess the extent of independence among the five transects within each vegetation type. This was done using a BrayCurtis similarity matrix, calculated by square-root transformation of the data before analysis (Clarke & Warwick 2001) , in conjunction with a distance matrix (in metres) as input data for a Mantel test (Mantel V.2; Liedloff 1999; Koenig 1999) .
Total species richness and abundance were determined for each vegetation type. The number of individuals and species sampled was summed for each transect over all three sampling periods from which the mean species richness and abundance were calculated across the five transects for each vegetation type. The mean species richness and abundance were compared between vegetation types using analysis of variance and Tukey HSD tests.
To examine how representative the spider assemblages sampled in each vegetation type were relative to the expected true diversity of these assemblages, the assemblages were assessed based on sample-based rarefaction species richness estimators using EstimateS v7.5 (Colwell 1994 (Colwell -2004 Gotelli & Colwell 2001) . Comparisons have shown that the ICE (Incidence-based Coverage Estimator) richness estimator performs the best (Colwell & Coddington 1994; Scharff et al. 2003) . The ratio of observed richness to ICE for each vegetation type, i.e. inventory completeness, provided an estimate of sampling completeness. The Coleman method of individual-based rarefaction (Coleman 1981) was used to compare species richness of the vegetation types based on the lowest number of individuals caught in all the vegetation types. Species specific to each vegetation type were identified. The number and percentage of species shared between vegetation types were also estimated to assess the similarity in species composition of vegetation types.
To investigate if spider assemblages differed between the vegetation types, analysis of similarity (ANOSIM), using PRIMER v6.1.6 (Clarke & Warwick 2001), was used to establish the significance of differences. This is a non-parametric permutation procedure applied to rank similarity matrices underlying sample ordinations (Clarke & Warwick 1994) , in which a significant global R-statistic of close to one indicates distinct differences between the assemblages/vegetation types compared. All species abundances were squareroot transformed prior to analysis to down-weight effects of more common species (Clarke & Warwick 1994) . Non-metric multidimensional scaling (MDS) was used to display the unconstrained relationships between transects in an ordination analysis.
Relationship of spider assemblages and vegetation structure within each transect was examined with redundancy analysis RDA, a constrained method of ordination (CANOCO V4.5: Ter Braak & Òmilauer 2002). A forward selection procedure was used to identify vegetation structure variables that significantly explained spider assemblage structure. Species sample relationships were also displayed as biplots to determine which species contributed to differences between assemblages. Only species with more than 70% of their variability explained by the biplot were included. Species are depicted as arrows pointing in the direction of the steepest increase in abundance (Botes et al. 2006; LepÓ & Òmilauer 2003) .
RESULTS
A total of 9985 individuals was collected over the three sampling periods. Seventy-three per cent of these specimens were juveniles. Of all the adults collected, the highest proportion (34%) was collected during November. The spiders caught represent 297 species in 156 genera, and 43 families (Appendix 1). Forty-five per cent (124) of these were only identified to morphospecies level. The study adds two new families (Oonopidae and Orsolobidae) to the list recorded for Lajuma, and brings the total to 49 (Appendix 1; Foord et al. 2002) . In addition, 183 species were new records for the region, and two new genera (one corinnid and one araneid genus), and seven possibly new species for science were discovered. The capture of specimens of the zodariid genus, Australutica africana Jocqué 2008, represents the first record of this genus outside Australia (Jocqué 2008) . Specimens of a new corinnid genus, subfamily Corinninae, have only been collected from the Soutpansberg (C.R. Haddad, pers. comm. 2008) . The five most abundant families, in rank order, were Lycosidae (1397 individuals), Theridiidae (1099), Thomisidae (839), Linyphiidae (733), and Salticidae (715), whereas the most species diverse family was Thomisidae with 39 species, followed by Theridiidae with 36 species. The genera Theridion and Oxyopes were the most species rich, with 13 and 11 species, respectively.
The inventory completeness (i.e. species observed as a percentage of species estimated through ICE) in four of the five vegetation types examined, Mosaic Woodland, Short Forest, Tall Forest, and Woodland, were 70% and higher ( Fig. 1) . Because spiders are a hyperdiverse group, most surveys suffer from some degree of under-sampling, although the results from our study compares well with other inventories (Toti et al. 2000; Scharff et al. 2003) . However, due to the extremely low levels of inventory completeness in mosaic grasslands, 45%, all data from this vegetation type were excluded from subsequent analysis.
Except for the Tall Forest (R = -0.67, P = 0.036, n = 10), spatial autocorrelation had a non-significant effect on the sampling designs of the vegetation types examined (Short Forest: R = 0.15, P = 0.68, n = 10; Woodland: R = -0.62, P = 0.06, n = 10; Mosaic Woodland: R = 0.27, P = 0.44, n = 10). The replicates, in general, therefore do not suffer from pseudoreplication (see Hurlbert 1984 for explanation) and the extent to which the spider assemblages varied across the vegetation types examined can therefore be treated as robust.
Tall Forest had fewer species (rarified estimate) than Mixed Woodland and Short Forest, which had similar numbers of species, and Woodland had the highest species richness (Table 1) . Spider abundance was highest in the Woodland and Tall Forest, less in the Short Forest, and least in Mosaic Woodland.
Four families, Theraphosidae (MW), Migidae (TF), Phyxelididae (SF), and Sicariidae (TF), were restricted to single vegetation types. Eleven per cent of the species caught in the Mosaic Woodland was specific to this vegetation type, 10% to the Short Forest, 7.5% to the Tall Forest, and 16% in the Woodlands (Appendix 1). The unconstrained relationships between sites based on spider community composition are summarized by the ordination in Fig. 2 . Analysis of similarity indicated significant differences in spider assemblage structure among all possible pairs of vegetation type comparisons (Table 2 ). The six Soutpansberg spider endemics collected in this study, namely Entypesa schoutedeni Benoit, 1965 (Nemesiidae) , Quamtana entabeni Huber, 2003 and Q. lajuma Huber, 2003 (Pholcidae) , Poecilomigas sp.1 (Migidae), and Hortipes contubernalis Bosselaers & Jocqué, 2000 and Hortipes sp.4 (Corinnidae) were either restricted or positively correlated with Tall Forest, and to a lesser extent in Woodlands (Fig. 3) .
Only 27.4% of the 297 species recorded were shared between the four habitats. In terms of assemblage membership, Short Forest is transitional between the other three habitats, sharing on average most of its species. This is confirmed by the ordination of assemblage structure (Fig. 2) .
Global R values are very high (>0.639) and highly significant for all the spider assemblage comparisons, indicating distinct differences between the vegetation types except for Tall Forest vs Short Forest, and Short Forest vs Mixed Woodland comparisons, where the R values were < 0.502 (Table 2 ; Fig. 2 ). Woodland and Tall Forest were separated along the first RDA axis that explained 29.7% of the relationship between assemblages and environmental variables (F = 6.35, P = 0.002) and the first and second axes together explained 41.5%. Four of the vegetation structure variables contributed significantly to the variance explained in spider assemblages, namely lowest foliage of trees, grass cover, herb cover, and tree density (Table 3, Fig. 4a ). The first axis represents an environmental gradient of increasing foliage height of trees, decreasing herb and grass cover. The second axis represents increasing trees density. Therefore, vegetation structure variables measured during this study, clearly explain a large percentage of the differences between spider assemblages in the four vegetation types. The abundances of several species were positively associated with Tall Forest and Woodland but none with Mosaic Woodland and Short Forest (Fig. 4b) .
DISCUSSION
Levels of spider diversity of the western Soutpansberg are relatively high compared to those of other South African and African surveys (Table 4) . The current study has therefore made a significant contribution towards the existing SANSA database. Only one other study in South Africa (see Haddad et al. 2006 ) has recorded more species (431 vs 367) and genera (222 vs 191) (Table 4) . Haddad et al. (2006) collected spiders on an ad hoc basis for six years in eight broad habitat types in the Ndumo Game Reserve, Maputaland (10 117 ha), more than an order of magnitude larger than Lajuma (Table 4) . At the family level, Haddad et al. (2006) recorded 46 taxa, three less than that recorded at Lajuma. One other study recorded more families, 52, in the De Hoop Nature Reserve (Haddad & Dippenaar-Schoeman, in press) but with a spatial extent two orders of magnitude larger than this study (Table 4) .
Considering the different vegetation patches that were sampled in this study, Tall Forest had the lowest species richness (rarified) and Woodland the highest. By contrast, Tall Forest and Woodland had the highest abundance of spiders, significantly higher than that of Mosaic Woodland. Variation in sampling intensity, a factor not considered here, most likely contributed towards these differences in richness and abundance. For example, the high species richness associated with Woodland is positively affected by the well-developed grass layer's effect on sweep net sampling that was much less effective in vegetation types with a poorly developed understorey, such as Tall Forest and Mosaic Woodland. However, the sampling intensities for all the other sampling methods were broadly comparable.
Almost all the endemic taxa in this study were associated with Tall Forest. Biogeographically, Tall Forest is classified as Northern Mistbelt Forests, (Mucina et al. 2005 ) and the sites sampled represent one of a group of distinct isolated patches n = number of sampling sites, s = total species richness (rarified), S = total species density (observed number of species), N = total abundance. Means with no letters in common denote significant differences between habitat types of P < 0.05.
scattered throughout the Soutpansberg, varying in both size and isolation. Two of the five families recorded outside Lajuma, in the Soutpansberg, namely Archaeidae and Cyatholipidae, are restricted to the Northern Mistbelt Forests. With the exception of one species (Afrarchaea bergae Lotz, 1996) , all the Soutpansberg records for these two families are endemic species (Lotz 2003; Griswold, 1987) .
In contrast to studies in other regions, where high levels of plant endemism are mirrored by those of invertebrates (Botes et al. 2006; Haddad et al. 2006) , no such relationship exists for Tall Forest . Only one plant taxon, Streptocarpus parviflorus subsp. soutpansbergensis, is endemic to Mistbelt Forests of the Soutpansberg (Hahn 2006) . Most of the plant species endemic to the Soutpansberg are found in mountain sourveld, grasslands and xeric habitats, 47% are succulents (Hahn 2006 ). An important process that affects all the vegetation types with high endemism in this study area is mist precipitation. This is especially true in times of drought, and many of the plant endemics (33.3%) are restricted to the mist belt. Little is known about mist interaction with the environment that is influenced by moisture-laden air from the Indian Ocean, orography, and aerodynamics (Hahn 2006) . Recent arachnid surveys in the sourveld on the northern slopes of the mountain have also resulted in the description of two endemic arachnid taxa: a spider, Tyrotama soutpansbergensis (Foord & DippenaarSchoeman 2005) and a scorpion, Hadogenes soutpansbergensis (Prendini 2006) . The new corinnid genus and the zodariid genus, Australutica, were predominantly found in Mosaic Grassland and Woodlands, respectively (Appendix 1).
The differences in vegetation structure between the vegetation types examined resulted in the formation of different spider communities in the four vegetation types. The turnover of species between Tall Forest and Woodlands were the greatest (Fig. 2) . In addition, all the species that had 70% of their variation explained by the RDA-ordination, were positively associated with these two habitats (Fig. 5b) . Similar to other studies, for example Rypstra (1986) and Jiménez-Valverde & Lobo (2007), our results suggest that vegetation structure, when compared among the habitats examined, is likely to contribute towards the differences between their associated spider assemblages. The large amount of variation explained by local variables, i.e. vegetation structure, is consistent with the suggestion that local processes plays a large role in determining spider diversity, as competition is more likely to occur between predators, and vegetation structure variables should therefore explain local diversity (Borges & Brown 2004 ). This also confirms that spiders have predictable assemblages based on habitat structure (Uetz 1991, Borges & Brown 2004). Although broad generalizations regarding the spider diversity related to the vegetation types examined cannot be made as a result of low replication in the sampling design, a few potential trends with wider significance for spider conservation can be highlighted based on those patches that were sampled, and should be investigated further to examine the generality of these trends. First, the restricted distribution of taxa at the local scale, often overlooked at the broader regional scale (Flather et al. 1997) , is confirmed by the observation that only 27.4% of the species were found in all the habitats, at a scale less than 2 km in extent. Second, significant differences in the spider assemblage structure largely explained by differences in vegetation structure, were found among the four vegetation types examined, suggesting local scale heterogeneity (but further investigations are needed to assess the robustness of this). Third, Tall Forests, although comparatively species poor, provide habitat for endemic taxa and we emphasize the role of this habitat to provide stable conditions for the evolution and survival of endemic spider species in spite of their limited geographic range (Borges & Brown 2004) . Fourth, Woodland had the highest species diversity.
The maintenance of this woodland and forest matrix is therefore vital for the maintenance of biodiversity in this region. The Soutpansberg region has been experiencing a dramatic increase in bush encroachment over the last 150 years because of human influence, namely elimination of keystone herbivores, introduction of goats, and suppression of fires as a result of afforestation (Hahn 2006 (212) 17 (127) 15 (108) (452) 
